cell somata, especially in area 17 (Fitzpatrick et al., 1987; Benson et al., 1991a) . The laminar distributions of GABA-or GAD-immunoreactive boutons terminaux (Hendrickson et al., 1981; Fitzpatrick et al., 1987; Hendry et al., 1987) and GABA A receptors, as localized by radioligand binding or immunocytochemistry (Shaw and Cynader, 1986; Rakic et al., 1988; Zezula et al., 1988; Lidow et al., 1989; Hendry et al., 1990; Shaw et al., 1991) , are very similar to the distribution of GABA cell somata. Layers II-111 and IV contain the densest concentrations, layers I and VI moderate concentrations, and layer V least. This pattern may be a reflection of the fact that the axons of most conical GABA cells terminate relatively close to the parent somata. The concentrations in layer IV may bear some relationship to the fact that this is a major zone of thalamic afferent terminations in the sensory areas. This is particularly evident in area 17, where zones of concentrated thalamic terminations identifiable by enhanced cytochrome oxidase activity show parallel increased densities of GABA A receptors (Hendry et al., 1990 (Hendry et al., , 1993 (Fig. 1) . In other areas, layers II-III tend to show the heaviest concentrations of receptor binding or immunostaining, perhaps reflecting the density of GABA terminals on apical dendrites (Fig.  2) . The major subunit families (a, 0, and 7) of the GABA A receptor, as far as they have been studied in primate cortex, appear to have laminar distributions (Hendry et al., 1990 (Hendry et al., , 1993 Huntsman et al., 1991) similar to that shown by the pattern of ligand binding.
Subpopulattons of GABA Cells Defined by Calcium-binding Proteins and Other Markers
The GABA neurons of the cerebral cortex are chemically heterogeneous and a number of chemically defined subpopulations with differential distributions can be identified. Two, largely nonoverlapping populations show differential immunoreactivity for two calcium-binding proteins, 28 kDa vitamin D-dependent calcium-binding protein (calbindin) and parvalbumin (Figs. 1, 2) . In most areas GABA cells immunoreactive for calbindin are mainly distributed in layers II-III and to a lesser extent in layer VI, while those immunoreactive for parvalbumin are concentrated in layers III and IV (Celio, 1986; Celio et al., 1986; Hendry et al., 1989; Blumke et al., 1990; Van Brederode et al., 1990; DeMeulemeester et al., 1991; Hof et al., 1991; DeFelipe and Jones, 1992; MorinoWannier et al., 1992; DeFelipe et al., 1993) . Together, calbindin-and parvalbumin-immunoreactive cells may account for most of the GABA population, since few or no GABA neurons show colocalization of both calbindin and parvalbumin immunoreactivity in neocortex. A small population of non-GABA, calbindinpositive, pyramidal (and therefore non-GABAergic) neurons is found in layer II (DeFelipe and Hayes and Lewis, 1992) . In the frontal cortex of rats (Kawaguchi, 1993; Y. Kawaguchi and Y. Kubota, personal communication, 1993) , GABA cells that colocalize parvalbumin are characterized by fast spiking behavior and at depolarized potentials fire repetitively in response to synaptic activation, while GABA cells that colocalize calbindin are characterized by the discharge of lowthreshold spikes at hyperpolarized potentials. Furthermore, the fast-spiking, parvalbumln/GABA cells tend to extend axons in the horizontal dimension while low-threshold spiking, calbindin/GABA cells tend to extend axons vertically.
Neuropeptide immunoreactivity in the monkey cerebral cortex is largely found in GABA neurons (Hendry et al., 1983 (Hendry et al., , 1984b Jones and Hendry, 1986; Jones et al., 1988) and subpopulations of GABA cells can be defined by colocalization of a particular peptide or peptides. With the exception of that showing tachykinin immunoreactivity (Jones et al., 1988) , most of these subpopulations of GABA cells are quite small (Hendry et al., 1984b,c ; Campbell et al., 1987; Kuljis and Rakic, 1989a,b; Lewis et al., 1989; Tigges et al., 1989) .
The largest GABA-neuropeptide subpopulation consists of small somata that colocalize GABA and tachykinin-like immunoreactivity. These have a laminar distribution quite unlike that of the other GABA/ peptide cells and in most areas are concentrated in layer IV (Hendry et al., 1988b; Jones et al., 1988) . In area 17 they make up half the total GABA population of layer IVC. In situ hybridization histochemistry (Fig.  3 ) reveals that they express /3-preprotachykinin mRNA, one of three differentially spliced products of the SP/ NKA gene that codes for substance P, neurokinin A, and three other tachykinin peptides .
Some GABA neurons in the cerebral cortex of monkeys express cell-surface glycoproteins that can be recognized by specific monoclonal antibodies or by binding of plant lectins. The monoclonal antibodies Cat-301, VC1.1, mAb-473, and mAb-376 recognize cellsurface antigens that are to a large extent present on GABA neurons (Hendry etal., 1984a (Hendry etal., -c, 1988a Naegle and Barnstable, 1989; Morino-Wannier et al., 1992) . Surface carbohydrates with W-acetylgalactosamine termini can be identified on GABA cells by binding of the lectin Vicia villosa (WA; Nakagawa et al., 1986) . The GABA subpopulation immunostained by the four monoclonal antibodies or labeled with WA is very dense in the middle layers of the cortex, with a number of variations depending on the area and on the antibody or lectin used (Hockfield et al., 1983; Hendry et al., 1984a; Kobayashi et al., 1989; McGuire et al., 1989; Mulligan et al., 1989; DeYoe et al., 1990; Morino-Wannier et al., 1992) . morphologically heterogeneous and eight or more types have been recognized, primarily on the basis of axonal arborization patterns (e.g., Lund, 1973; Jones, 1975; Fairen et al., 1984) .
The various types of aspiny cortical neurons were established as GABA cells primarily on the basis of electron microscopic immunocytochemistry (Ribak, 1978; Freund et al., 1983; Hendry et al., 1983a) . Studies of the selective uptake and transport of 3 H-GABA in cortical neurons also contributed (Hendry and Jones, 1981; Somogyi et al., 1981a Somogyi et al., ,b, 1983a . From correlative morphological studies, neurogliaform (or clutch) cells (Kisvirday et al., 1986 (Kisvirday et al., , 1990 , chandelier cells (Peters et al., 1982; Freund et al., 1983; Somogyi et al., 1985) , double bouquet cells (Somogyi and Cowey, 1981, 1984; DeFelipe et al., 1989b DeFelipe et al., , 1990 DeFelipe and Jones, 1992) , and large basket cells (Houser et al., 1983; Hendry et al., 1983a Hendry et al., , 1989 DeFelipe et al., 1986b DeFelipe et al., , 1989a Fitzpatrick et al., 1987; Schiffmann et al., 1988; Kisvarday et al., 1990) have been identified as GABAergic. Layer I cells (except Cajal-Retzius cells) , the "generic" form of aspiny cell (Houser et al., 1983 (Houser et al., , 1984 , and the vertical bipolar or bitufted cell (Hendry et al., 1983b) appear to be GABAergic from less direct evidence. Certain of the morphological forms of aspiny, GABA cell have also been identified on the basis of colocalized neuropeptides or calcium-binding proteins (reviewed in Jones et al., 1993) .
Conical GABA neurons, in being present in all layers of monkey neocortex, are positioned to receive synaptic inputs from virtually all sources of cortical afferent innervation. The concentration of GABA cells in layers or sublayers in which the greatest density of thalamocortical terminations usually occurs, seems to imply that GABA cells would be major recipients of thalamocortical innervation. This seems to be confirmed by the pronounced disynaptic IPSPs that occur in conical neurons following the initial excitatory response to an afferent volley. In the visual and sensorimotor cortex, most thalamocortical terminals end on dendritic spines (Sloper and Powell, 1979; Winfield et al., 1982) and therefore on non-GABA cells, but direct synaptic contacts between thalamocortical axon terminals and cortical GABA cells have also been revealed (Hendry et al., 1981; Kisvarday et al., 1986; Hendry and Jones, 1989; Freund et al., 1989) . In the macaque, those ending on somata and dendrites of nonpyramidal neurons and on GABA-immunostained somata and dendritic shafts represent 5-10% of the total population of genlculocortical recipient structures (Freund et al., 1989) , but not all GABA cells in layer IVC of the strlate area are innervated directly by the lateral geniculate nucleus (Kisvarday et al., 1986) . In other species, apart from spiny stellate cells and pyramidal cells, basket and neurogliaform cells are main targets of thalamic axons. For most of the other afferent systems, where electron microscopy of identified fibers has been carried out, often in divergent cortical areas, the postsynaptic targets appear to include both pyramidal and nonpyramidal neurons (Fisken et al., 1975; Winfield et al., 1982; DeLima and Morrison, 1989; Hendry and Jones, 1989; DeFelipe and Jones, 1991) . The relative proportions of terminations, specifically on GABA cells, are not known.
Intracortical Connectivity Mediated by GABA Cells
The synaptic connectivity of the various morphological forms of nonpyramidal cells has been fairly well characterized, but mainly in the cerebral cortex of nonprimates. From these it is possible to obtain a general idea of the synaptic targets of the axons of each of the eight or nine cell classes (Fig. 4) . In primates, the available evidence suggests that neurogliaform cell axons terminate in the main on dendritic shafts, spines, and somata of spiny stellate neurons (Mates and Lund, 1983) . Chandelier cell axons terminate almost exclusively on the axon initial segments of pyramidal cells (Somogyi, 1977 (Somogyi, ,1979 Fairen and Valverde, 1980; Peters et al., 1982; Somogyi et al., 1982; Freund et al., 1983; DeFelipe et al., ,1989a Kisvarday et al., 1986) , and are the major source of initial segment synapses on pyramidal cells (DeFelipe and Farinas, 1992) . Pyramidal cells, however, vary considerably in the density of innervation by chandelier cell axons , even in the same layer.
The axons of double bouquet cells in primate cortex terminate largely on dendritic shafts and spines, particularly on spines on the side branches of apical or basal dendrites of pyramidal cells (Somogyi and Cowey, 1981; Somogyi et al., 1982; DeFelipe et al., 1989b DeFelipe et al., , 1990 DeLima and Morrison, 1989) . Despite the strong verticality of the closely spaced bundles of double bouquet cell axons (DeFelipe et al., 1990), they do not terminate to any extent on the apical dendrites themselves. Double bouquet cells are very abundant; the axon of each cell can have hundreds of boutons and the packing density of the axon bundles is high. Therefore, double bouquet cells are probably one of the most important sources of GABAergic synapses on pyramidal cell dendrites in layer III. Axon branches of several basket cells converge and end in multiterminal endings on the somata and proximal portions of the dendrites of pyramidal neurons especially in layers III and V (Somogyi et al., 1983b; DeFelipe et al., 1986b) . The axons of the generic form of aspiny nonpyramidal cells have not been investigated in the primate cortex. In other species, the axons terminate principally on shafts and dendritic spine stalks of apical and other major dendrites of pyramidal cells (Peters and Saint Marie, 1984) . In layer I, the axon of this type of cell ends primarily on the apical dendritic tufts of pyramidal cells. The axons of the long, bipolar or bitufted cells, when identified by peptide immunoreactivity, terminate on a variety of postsynaptic elements: tachykinin-or cholecystokinin-immunoreactive cell axons end predominately on pyramidal cell somata and proximal dendritic shafts (Hendry et al., 1983b; Jones et al., 1988) ; neuropeptide Y-and somatostatin-immunoreactive terminals end predominately on medium-sized dendritic shafts, some of which are more distal processes of pyramidal cells (Hendry et al., 1984b,c) .
Data on the distributions of GABA-or GAD-immunoreactive axon terminals show that every part of the soma-dendritic surface of a cortical pyramidal cell-the soma, the various generations of dendrites, the spines, and the axon initial segment-is covered to a greater or lesser degree in GABAergic synapses (O'Kusky and Colonnier, 1982; Hendry et al., 1983a; Houseretal., 1983; Beaulieuetal., 1992) . In the visual cortex of monkeys, in which GABA-immunoreactive synapses account for approximately 17% of the total synaptic population, an average neuron was calculated to receive 3900 synapses, of which 660 would be GABA immunoreactive (Beaulieu et al., 1992) . More than half the GABA synapses of the visual cortex were calculated to be on dendritic shafts, approximately one-quarter on dendritic spines, approximately oneeighth on somata, and a very small proportion on axon initial segments. The data on the distribution of axons of defined classes of aspiny, nonpyramidal neurons would imply that the GABA terminals at each of these locations derive in large part from a different class of GABAergic neuron as summarized in Figure 4 . However, the relative contributions of individual forms of GABA cell to the inhibitory input to a single pyramidal cell, the degree of convergence of inputs from different members of the same GABAergic cell class, and the variations that occur on pyramidal cells of different types, especially those with projections to different targets, remain incompletely known at this time.
Looked at from the perspective of the circuitry leading from thalamic input to cortical output, it is clear that certain forms of GABA cells are much closer to the immediate thalamocortical input than others. Basket cells and neurogliaform cells receive direct innervation from thalamocortical axons. They are, therefore, presumably intimately involved in shaping receptive field properties of neurons at the heart of the thalamic input layers. Double bouquet cells, chandelier cells, GABA/peptide cells, and other forms of GABA cells are mainly situated outside the layers in which thalamic fibers terminate, and do not appear to receive thalamocortical terminations. They may be more concerned with modulating the flow of information between layers, in influencing the stimulusresponse properties of neurons in other layers and the processing leading from input to output.
The contributions of studies of 3 H-GABA uptake and transport to the analysis of GABA-mediated cortical circuitry suggest that vertical (interlaminar) GABAergic projections are particularly strong while horizontal (intralaminar) GABAergic projections axe less prominent. Localized injections of 3 H-GABA in superficial or deep layers of sensory and motor cortex reveal a strong, bidirectional, presumed GABAergic connection that links the supra-and infragranular layers (layers II-III and V in motor cortex) (Somogyi et al., 1981a (Somogyi et al., ,b, 1983a KJsvarday et al., 1987) . By contrast, the horizontal intracortical collaterals of pyramidal cell axons are particularly extensive and probably the principal route for horizontal spread of excitation in the neocortex (Gilbert and Wiesel, 1989; DeFelipe et al., 1986a) . These collaterals appear to terminate mainly on spines and dendrites of other pyramidal cells, but a significant percentage end on aspiny, putatively GABA cell dendrites as well (Winfield et al., 1981; McGuire et al., 1991) .
The most comprehensive study of laminar specific projections of individual aspiny nonpyramidal cells in the primate neocortex is that of Lund (1987 Lund ( ,1990 , based on Golgistained material from monkey area 17. This has revealed a very precise pattern of intraand interlaminar connections leading from the main sublayer of thalamic input, layer IVC, based upon the restriction of dendritic fields to narrow subdivisions of layer IVC, and the highly stratified terminations of their axons in other layers. The different populations of these putatively GABA cells may form parts of different functional streams that have as their source the differential levels of termination of classes of thalamic afferents.
Activity-dependent Plasticity of GABA-related Gene Expression
Recent findings, particularly in the visual cortex of primates, reveal that levels of GABA and of molecules related to the GABA-mediated transmission process are under the control of afferent activity. The first 4-5 postnatal months in monkeys are critical for the normal development of the visual cortex. The most profound experimental manifestations of this are the expansions of ocular dominance columns at the expense of those deprived of visual input during this critical period (LeVay et al., 1980) . By extrapolation from the results of a long sequence of experiments on critical period-dependent plasticity in cats, one may anticipate that any variety of impoverished or otherwise perturbed visual experience during this time will have major consequences for visual cortex physiology (e.g., Hubel et al., 1977; Blakemore et al., 1978; Movshon and Van Sluyters, 1981; Sherman and Spear, 1982) .
Although monocular visual deprivation in adult primates has little or no effect upon the extent of thalamocortical fiber terminations and the dimensions of ocular dominance columns, this type of experience can have a dramatic effect upon levels of transmitter-and receptor-related molecules. The observations in visual cortex suggest a fundamental mechanism operating throughout the life of an animal whereby levels of afferent activity regulate levels of neurotransmitter-related molecules. They imply that GABA neurons in other cortical areas will also be subject to activity-dependent regulation. In adult monkeys short-term monocular deprivation by eye removal or elimination or ganglion cell activity by intravitreal injections of tetrodotoxin (TTX) dramatically reduces immunocytochemically detectable levels of GABA and GAD in area 17 (Fig. 3) . The normal homogeneous distribution of immunostained GABA neurons in layer IVC, within 4 d becomes broken up into alternating lightly and densely stained stripes corresponding to deprived or nondeprived ocular dominance stripes, respectively (Hendry and Jones, 1986) . In the deprived stripes the numbers of immunoreactive somata and terminals are reduced by at least 50% in comparison with the undeprived stripes Jones, 1986,1988) . These effects, which also extend with less severity to the GABA neurons of layers II, III, and IVA, have been observed in several species of Old-World monkey from 2 to more than 20 years of age. They can also be induced, but over a longer period of deprivation, by reducing pattern vision by suturing the lids of one eye together. In these cases, changes in GABA immunoreactivity can be detected in cortical neurons only after 2 months Jones, 1986, 1988) .
The reductions in the number of GABA-and GADimmunoreactive somata and terminals that occur un- der all conditions of monocular deprivation in adult monkeys are not accompanied by death of the cortical GABA cells, at least over the time periods during which the effect is maximal (Hendry and Jones, 1988) . This is borne out by the fact that restoration of binocular vision after recovery from TTX block or after reopening a lid-sutured eye leads to restoration of the normal pattern of GABA and GAD immunoreactivity (Hendry and Jones, 1988) . The effect, therefore, appears to be an activity-dependent one whereby GAD and then GABA levels are regulated in the GABA neurons. It extends to a number of other molecules, particularly those coexpressed in GABA cells, for example, the tachykinin neuropeptides (Hendry et al., 1988b) , to molecules that are an integral part of the intracortical GABA circuitry, namely, GABA A receptors (Fig. 5 ) (Hendry et al., 1990 (Hendry et al., , 1993 Huntsman et al., 1991) , and possibly to other cortical areas (Cusick, 1991; Garraghty et al., 1991) .
Activity-dependent changes in immunocytochemically detectable levels of GAD, GABA, GABA A receptors, and other molecules in conical GABA neurons are likely to depend upon activity-dependent regulation of gene expression for these molecules themselves or, in the case of GABA, for its synthesizing enzyme GAD. In apparent confirmation of this, reductions in mRNA levels for /3-preprotachykinin, for representatives of all classes of the GABA A receptor, and for GAD have now been detected by in situ hybridization histochemistry in deprived-eye columns of layer IVC, in area 17 of animals subjected to relatively short periods of monocular deprivation (Fig. 3 ) (Huntsman et al., 1991; Benson et al., 1993) . Over the same time period mRNA levels for the a-subunit of type II calcium/calmodulin-dependent protein kinase, an enzyme expressed only in non-GABA cortical cells, increase (Hendry and Kennedy, 1986; Benson et al., 1991a Benson et al., ,b, 1992 . With most of the molecules mentioned, reductions in protein levels follow or are contemporaneous with reductions in mRNA levels. In the case of GAD, however, protein levels fall 10-11 d before the appearance of detectable change in GAD mRNA levels (Benson et al., 1991a , suggesting that the initial fall in GAD and, therefore, in GABA levels may be based on posttranslational mechanisms.
These findings in adult monkeys subjected to monocular deprivation are likely to be pathological manifestations of what is normally a finely tuned process whereby levels of activity entering the cerebral cortex throughout the life of the animal regulate levels of transmitters, receptors, and related molecules and, through them, control the balance of excitation and inhibition operating in the cortex. This concept has a number of important consequences. The results reviewed above show the important role of neural activity in the regulation of gene expression for transmitters and other neuroactive molecules throughout the life of primates and cast some doubt on the widely held belief that the cerebral cortex shows little or no capacity for afferent-dependent plasticity beyond a critical developmental period (Hubel etal., 1977) . It is likely however, that the activity-dependent plasticity of transmitter-related gene expression seen in the adult cortex is based upon mechanisms that are fundamentally similar to those operating during the establishment and stabilization of connections during normal cortical development.
A number of observations in cats highlight the significance of GABA in critical period-dependent plasticity. GABA-mediated inhibition can be demonstrated in the visual cortex of very young kittens (Albus and Wolf, 1984; Tsumoto and Sato, 1985; Wolf et al., 1986) , and chronic infusion or iontophoretic application of the GABA A antagonist bicuculline into the visual cortex of kittens during the critical period causes reductions in orientation selectivity, unusually large receptive fields, loss of directional selectivity, and certain other receptive field changes in neurons recorded in the visual cortex of the older animal (Wolf et al., 1986; Ramoa et al., 1988) . Simultaneous chronic intracortical infusion of the GABA agonist muscimol and monocular deprivation in the critical period results in cells in the visual cortex coming to prefer the deprived rather than the nondeprived eye, as usually occurs with monocular deprivation during the critical period. This implies that inputs from the more active, undeprived eye fail to consolidate in the visual cortex (Reiter and Stryker, 1988) . Where monocular deprivation in the critical period leads to a certain percentage of visual cortical cells that can be driven only by the undeprived eye, iontophoretic application of bicuculline on these neurons can reveal suppressed, deprived-eye inputs (Sillito et al., 1981) . GABA-mediated synaptic influences can thus be modified or compromised by activity-dependent perturbations during critical period-dependent plasticity.
Downregulation of GABA receptor and transmitter function by afferent deprivation in adult animals may be manifested in other ways. Following monocular deprivation in adult monkeys, it has usually been reported that there are only relatively modest changes in ocular dominance and no changes in other receptive field parameters such as direction and orientation selectivity in the visual cortex (LeVay et al., 1980) . At a different levels of resolution, however, there now appear to be quite dramatic changes in visual cortex functional organization, and it seems that these changes are representative of those occurring in most other cortical areas of primates in which sensory input or sensory experience is modified. The overall manifestation is one of alterations of representational maps. It seems highly likely that such representational changes depend upon alterations in the balance of excitation and inhibition brought about by activitydependent regulation of neurotransmitter-related gene expression. In adult cats and monkeys, removal of visual input to a region of visual cortex several millimeters in extent, by bilateral lesions of the two retinas, does not result in that part of the visuotopic representation becoming silenced. Instead, the region acquires receptive fields in parts of the retina adjacent to the lesion (Kaas et al., 1990; Heinen and Skavenski, 1991; Gilbert and Wiesel, 1992) . Cortical neurons at the edges of a silenced area of cortex acquire enlarged receptive fields that have expanded into the portions of the retina adjacent to a lesion within minutes of making the lesions (Gilbert and Wiesel, 1992) . A topographical shift of 4-5 mm in the normal conical representation has been observed in the visual cortex. After long-term dorsal rhizotomy, shifts in the somatic sensory cortex can be much greater. Although receptive fields in visual cortex become larger than normal, the neurons with new receptive fields display normal orientation selectivity, directionality, and binocularity. This implies that the fundamental pattern of intracortical connectivity is preserved and has adapted to the new pattern of afferent input.
Equally rapid receptive field shifts occur and similar rapid changes in representational maps occur in other sensory and motor cortical areas under comparable conditions, including those in which afferent activity is enhanced or differently coordinated, as well as under conditions of deprivation (Merzenich et al., 1983; Wall et al., 1986; Stryker et al., 1987; Clark et al., 1988; Donoghue and Sanes 1988; Sanes et al., 1988; Donoghue et al., 1990; Jenkins et al., 1990; Garraghty and Kaas, 1991) . The speed of change makes it unlikely that the effects are due to axonal sprouting and formation of new connections. Instead, a rapid unmasking of previously silent or subthreshold synaptic connections seems likely. Although the relative contributions of cortical and subcortical mechanisms to the activity-dependent representational shifts have not been thoroughly investigated, current thinking tends to emphasize the cortex. In the cats examined by Gilbert and Wiesel, for example, a large silent area remained in the lateral geniculate nucleus even after 2 months. Preexisting widespread connections that, potentially, could be recruited under conditions of activity-dependent plasticity are those formed by thalamocortical axons and by the horizontal collaterals of cortical pyramidal cells. The extent of the former can be quite extensive, on the order of 2-3 mm, but is probably insufficient to account for the representational plasticity of the visual and somatic sensory cortex. The horizontal intracortical connections can extend for 6 mm or more (DeFelipe et al., 1986a; Gilbert and Wiesel, 1989; Huntley and Jones, 1991) .
Neurons located in a focal region of cortex deprived of retinal inputs show rapidly shifted receptive fields, but the preservation of orientation selectivity suggests that it is the horizontal connections, which are known to be excitatory, that have been unmasked. Such unmasking could occur as the result of the massive downregulation of GABA production and of GABA A receptors revealed by immunocytochemical and gene expression studies (Fig. 6) . The time course of the effects on GABA receptors is sufficiently short to cause the rapid receptive field shifts, and the influence of these receptors over topographic representations is clearly revealed by the changes caused by infusion of GABA A receptor antagonists in the motor cortex of rats (J ac°b s and Donoghue, 1991) . Under conditions in which GABA production and GABA A receptors are downregulated, an effect similar to that diagrammed in Figure 6 may be induced. A zone of cortex in which GABA transmission is downregulated by alterations of afferent input should permit functional expression of subthreshold inputs coming into the zone via the long-range horizontal collaterals of pyramidal cells. These come from cells situated in adjacent, normally active areas and could serve to transfer the receptive fields characteristic of neurons in the surrounding, normal regions to those in the GABA-deficient zone. The activity-dependent regulation of GABA-related gene expression under conditions in which sensory inputs or motor outputs are modified, may be expected to extend to other transmitter and second messenger systems. Together these systems may not only determine the details of representational maps but also influence mechanisms of synaptic plasticity and of neuronal learning and memory. Correspondence should be addressed to Dr. E G.Jones, Department of Anatomy and Neurobiology, University of California at Irvine, Irvine, CA 92717.
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